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Abstract 
The aim of this work is to study the influence of the combined process of "pressing-drawing" on the microstructure and 
mechanical properties of aluminum wire. Analysis of the results of the research has shown that the proposed combined method 
of deformation "pressing-drawing" has a significant advantage over the existing technology of production of aluminum wire. 
This method of deformation due to combination of two ways: by severe plastic deformation in equal channel step die and the 
process of drawing through a drawing die, allows obtaining aluminum wire with ultrafine-grained structure and a high level of 
mechanical properties, required size and shape of the cross section at a small number of cycles of deformation. Also would like 
to mention that this method of deformation in implementing it in production does not require significant economic investments, 
and substantial refitting of existing drawing mills. 
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1. Introduction  
Aluminum and its alloys, due to its unique technical and operational characteristics, have great place in modern 
industry. The availability of such properties as high electro conductivity and incorrodibility along with light weight 
have led to the aluminum and its alloys are widely used in engineering, electric power industry, transport, aviation 
and other branches of industry. A special place in the production products and semi finished items from aluminum 
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and its alloys production occupies for manufacture of wire used for the manufacture of transmission lines, 
electrical transport ropes, cables, electrodes, welding rod, welding wire, etc. This production is also widely used in 
military, space and aviation industries. And for several decades in the manufacture of aluminum wire by 
technologists these industries much attention is paid to improving its quality by achieving a high level of 
mechanical properties, including, and by getting an ultra fine-grained structure. 
Under the conditions of energy and raw resources deficit the problem of energy saving solutions is currently 
important. The issue of resource-saving ways to obtain materials which combining such properties as  high 
strength and toughness  at the same time, under the conditions of using relatively simple and inexpensive devices 
which give a possibility to spend as low as practicable time during the products processing is current important. 
Some results of the application of the severe plastic deformation (SPD) methods in engineering, medical industries 
have already been known and they allowed to reduce the energy resources expenses on 20-30%. 
The traditional technologies of deformation such as drawing and cold rolling come amid the structure 
refinement. However, generally the substructure has a celled property with the grains elongated along the lines of 
drawing or rolling, also has high quantity of low-angle boundaries. On the other hand, the material achieved by 
SPD contains a grain structure with the relatively small grains and with high grain-boundary angles. This fact also 
affects the recrystallization dynamic favorably and in such a way it does the thermo stability. Furthermore, SPD 
often is carried out at low temperatures (of environment), and it makes it more attractive. 
Nowadays the more successful method of SPD is the method of equal channel angular pressing/ extrusion 
(ECAP/ECAE). This process has a huge potential to get ultra-fine-grained structure (UFG) with the uniform 
equiaxial structure with the grain boundaries dominated by high grain-boundary angles.  Using this method the 
billet keeps its primary dimensions. And it’s also important to mark that to get the planned structure, it’s necessary 
to choose the determinate routes into passes. However, the disadvantage of this process is into its discretization 
that is the impossibility of processing the pieces relatively large length because of buckling by pressing die. 
Therefore, there is a possibility of this disadvantage removal and carry on this process continuously.   
The problem of the continuous process of obtaining ultra-fine-grained materials including the wire production 
has already been considered in the research works before. But the way of obtaining wire from ferrous and non-
ferrous metals and alloys offered in this work has enough fundamental disadvantage – this is a deformation of 
geometrical dimensions of cross-section (ovalization) of the finished wire.  
According to this  the scientists of the Chair "Metal Forming" Karaganda State Industrial University developed 
the new coincident process of deformation “pressing-drawing” (ECAP-B) using equal channel step die and 
gauging instrument (fig.1) which allow to avoid the ovalization of the finished wire. 
 
 
 
Fig. 1. Combined process of pressing-drawing (1 - wire; 2 - setting device; 3 - equal channel step die; 4 – draw plate in die holder, 5 - winding 
reel). 
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The essence of the proposed deformation method consists in the following: wire is set in the setting device 2, 
which provides the pushing wire into equal channel step die and pushing wire through the its channels and then 
successively in calibrating die. At its core process of setting the metal is no different from setting wire in a drawing 
die with a standard drawing process. After the end of the workpiece comes out of drawing dies it is locked via 
gripping pliers and is wound on a reel of drawing mill. 
2. Investigation of the microstructure and mechanical properties 
2.1. Experimental procedure 
The purpose of this work, which is performed in the framework of the state budget funded theme "Research and 
development of the combined process of deformation "pressing - drawing" in order to obtain the aluminum and 
copper wire with high mechanical properties and ultra fine-grain structure" under the "Grant funding for research 
in 2012 - 2014", is research the influence of the combined process of "pressing-drawing" on the structure and 
mechanical properties of aluminum wire. 
To determine the effects of a new combined method of deformation "pressing-drawing" on the changes in the 
microstructure and mechanical properties of aluminum wire laboratory experiment was carried out at an industrial 
drawing machine - I/550 M. For the first cycle of deformation before the draw plate with working diameter of 6.5 
mm equal channel step die with channel diameter is 7 mm and the angle of the junction of channels equal to 1350 
was fixed (Fig. 2). The die was placed in a container for lubrication. As lubricant shavings of soap was used. 
After the process of pressing-drawing wire diameter was 6.5 mm. All crimping was carried out only in the draw 
plate after leaving of the workpiece from equal channel step die wire diameter was unchanged at 7.0 mm. The 
experiment was duplicated three times. Thus after each test wire diameter and cutting of templates for making 
microsections in the transverse and longitudinal direction were measured. 
 
   
 
Fig. 2. Equal channel step die. 
 
After the first cycle of deformation for further research as a draw plate, and equal channel step die were 
changed. Thus, when implementing the second deformation cycle, the working diameter in draw plate was 6.0 mm, 
and the diameter of channels of the equal channel step die was 6.5 mm, in the implementation of the third cycle 
were 5.5 mm and 6.0 mm, respectively. 
For identifying advantage of the proposed technology compared with the existing production technology of wire 
ordinary drawing aluminum wire was carried out at drawing dies with working diameters of 6.5, 6.0 and 5.5 mm. 
The experiment was also duplicated three times, and after each test the diameter of wire was measured, cutting of 
templates for making microsections in the transverse and longitudinal direction was.  
As a lubricant for ordinary wire drawing is used as shavings soap. 
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2.2. Results of experiment 
Preparation microsections for metallographic investigations carried out by the standard method, for the study a 
scanning electron microscope JEOL JSM 5910 was used. 
The results of the study of the microstructure of aluminum before and after the third cycle of deformation are 
shown in Fig. 3. 
 
           
 
Fig. 3. Structure of aluminum wire (a - the initial structure; b - on the proposed technology "ECAP-D", the transverse direction; c - on the 
existing drawing technology, the transverse direction). 
 
After spending a metallographic analysis of deformed samples, we can conclude that the cold deformation at 
drawing on the current technology with a moderate and high total reduction (from 50 to 85% - depending on the 
size of the cross section) produces a pronounced grain-oriented structure, i.e. preferred crystallographic orientation 
of the grains of processing material, due to the primary focus of the external forces acting on the body during the 
drawing. However, even as a result of substantial compressions produced wire in drawing process, not all grains 
are crushed and are deployed in the direction of the axis of deformation, due to non-uniformity of the deformation 
distribution. Thus from Fig. 3c it is shown that when drawing aluminum wire according to the existing technology  
the small grain refinement comes in the transverse direction, in the longitudinal direction grains are elongated and 
somewhat refined with the formation a visible axial texture. The appearance of drawing texture leads to anisotropy 
of the material properties in the longitudinal and transverse directions, it leads to the inappropriate level of the 
plastic properties of the finished wire, and this in its turn may adversely affect the operation parameters of the 
finished product. And in this case, to reduce the appearance of axial deformation texture, it’s necessary to carry out 
recrystallization annealing of obtained wire when the parameters of heat treatment are chosen correctly. 
As well-known, to achieve ultrafine structure during the normal drawing only due to increasing the total degree 
of deformation cannot be, as this technological process is characterized by the heteronymic scheme of the principal 
strains, the tensile stresses occurring during the deformation contribute the metal embrittlement during the drawing, 
and the maximum value ı1  ıT limits the degree of deformation per pass. [3] When applying a equal channel step 
die the full compressive stresses are generated in it at all stages of deformation, thereby reducing the tensile 
stresses and allows to increase the degree of deformation per a pass, and with that  the strength characteristics. 
During the normal drawing to achieve ultra-fine-grained structure only due to the uniform flow of dislocations 
is impossible: the accumulation of plastic deformation and dislocation density growth there is disproportionately 
rapid increase detents and obstacles hindering their progress through the crystal. Dislocation flow gradually 
depletes the level of internal stress increases. This continues until cracks begin to appear, brittle fracture of the 
sample is occurred. To avoid this, and the energy delivered to the sample is not accumulated in the material mainly 
in the form of elastic distortions, and continue to dissipate, equal channel step die will be applicable, where the 
shear deformation are and large-borders will be formed as a result of conditions for continuation of the plastic 
deformation at large strains creates. 
Our proposed combined technology "pressing-drawing" eliminates the disadvantages of the normal drawing 
process and to obtain a wire with ultrafine structure for a small number of cycles of deformation due to the use of 
the technological cycle of production of wire speed equal channel step die. The implementation of this deformation 
scheme the equal channel step die will be the principal tool for the deformation, i.e. to give the necessary 
microstructure and mechanical properties of wire. The draw die at the output of the equal channel step die is used 
more like a supporting role – the role of  the sizing tool, i.e. it avoids the ovalization of the finished wire, as well as 
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the draw die allows to give the finished wire the additional hardening of the surface layer. So whereby the 
implementation of a combined scheme of the deformation "pressing - drawing" the effect is achieved by the above 
given. The first, the metal deformation in the is equal channel step die occurs during the intense deformation 
scheme – the full non-uniform compression, which is achieved by harmonizing the objectives of the wire channels 
in the die channels and pushing it through the pushing device 2 (Fig. 1), with the process of pulling the wire 
through the die channels and draw die implemented by the winding drum 5 (Fig. 1). The second, when coming the 
wire through the equal channel step die on its joints of the metal channels are realized the shear deformation which  
promoting the formation of large-angle boundaries so that in this case the energy supplied to the sample material 
does not accumulate predominantly in the form of elastic distortion, and continues to dissipate. As a result of all 
this metal in its turn creates the conditions to obtain metal with subultraclosegrained structure for a small number 
of cycles. As we can see from Figure 3b the pure aluminum structure refinement has essentially been occurred for 
the three passes comparing with the customary drawing and not only on the surface but also in the center of the 
wire. In this case the texture and anisotropy accordingly are significantly less expressed, that is despite the high 
number of equivalent slip systems in the FCC grill the character of the crystallographic texture, formed as a result 
of pressing-drawing depends on the shear deformation, passing in the channel of die after each pass, which allows 
to fragmented the structure additionally. 
Research by transmission electron microscopy (TEM) showed that the "pressing -drawing" leads to a significant 
refinement of the structure of pure aluminum, compared to traditional drawing. The resulting grains are equiaxed, 
their size is within the range from 1 to 4 microns. In some cases they are disoriented with respect to each other at a 
small angle. At the same time, there are individual grains, surrounded by large-angle boundaries with the typical 
for equilibrium state borders banded contrast.  In the structure, obtained by traditional drawing, large-angle 
boundaries are not observed; because in the die shear deformations occur, which allow to get large-angle 
boundaries. In the structure obtained by the traditional drawing the large-angle boundaries are not observed, as 
exactly in the die the shear deformation takes place during the passage through the zone of channel intersection, as 
in the result of it in the billet the shear strain accumulates, and leads to the formation of large-angle boundaries in 
the material. 
Besides investigating the changes in grain size during deformation on current and proposed technology we 
investigated the mechanical properties of aluminum wire after each cycle of deformation on the existing and 
proposed technologies of deformation graphs are presented in Fig. 4. 
As is well-known from the Hall-Petch-type relationship the grain size of polycrystalline metals has a large 
influence on the value of the yield strength and mechanical properties of the material. In this case the additional 
strengthening is decisive in high-strength of ultra-close-grained due to the high density of dislocations along the 
grain boundaries. So the analysis of graphs in Figure 4 showed that during the deformation of aluminum wire 
according to the proposed and existing technology, appearing the increase of strength properties with increasing 
the number of passes, the plastic characteristics decrease, but according to the proposed method the elongation 
after the third pass is above 36% than during the traditional drawing. The measurement of the tensile strength 
showed that the use of the combined method of the deformation "pressing-drawing" provides a significant increase 
of the level of the strength (123 MPa) comparing the initial condition (66 MPa) and on 20% more than the factors 
of the strength during the traditional drawing after the third pass. 
Thereof, it can be concluded that the values of the mechanical characteristics of aluminum wire, deformed by 
new technology "ECAP - D" is higher than that obtained aluminum wire by the traditional drawing, while tensile 
properties of the usual drawing is achievable by new technology ECAP - D in fewer passes, it creates prerequisites 
for the reduction in the intensity of use of the working tool, and, consequently, less its depreciation, and the cost of 
energy and material resources. 
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Fig. 4. Depending mechanical properties of the aluminum samples from the number of passes. 
 
3. Conclusions 
 
Based on these studies it can be concluded that the proposed combined method deformation "pressing-drawing" 
has a significant advantage over the existing technology of production of aluminum wire. This method of 
deformation due to combination of two ways: severe plastic deformation in equal channel step die and the process 
of drawing through a draw plate, allows obtaining aluminum wire with subultraclosegrained structure, the required 
size and cross-sectional shape at insignificant amount of deformation cycles. And also want to note that this 
method of deformation in implementing it in production does not require significant economic investments and 
substantial conversion of existing drawing mills. As this combined process only the addition to the equipment 
specially made equal channel step die is required. 
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